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57 ABSTRACT

A gas spring is provided that can comprise at least one rod, at
least one guide bushing, and at least one dynamic seal. The
rod can slide inside at least one cylinder containing gas. The
dynamic seal can be interposed between the rod and the
cylinder. In some embodiments, the guide bushing can be
formed from a first mixture comprising a thermoplastic poly-
mer and a solid lubricant filler. Further, in some embodi-
ments, the dynamic seal can be formed from a second mixture
comprising a thermoplastic elastomer and a mineral filler or a
powder of thermoplastic polymer.

21 Claims, 2 Drawing Sheets
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GAS SPRING EQUIPPED WITH IMPROVED
SEALING MEANS

This application is a national stage application, under 35
U.S.C. §371, of international Application No. PCT/IT2010/
000046, filed on Feb. 10, 2010, and titled “Gas spring
Equipped With Improved Sealing Means,” the entirety of
which is hereby incorporated by Reference herein.

BACKGROUND

1) Field of the in Inventions

The present invention relates to a gas spring, in particular
for moulds, equipped with improved sealing means.

2) Background Art

As it is known, a gas spring is a device which, unlike
conventional springs, uses a pressurized gas contained in a
cylinder and compressed in a variable manner by a piston rod
to exert a return force. Gas springs are used in numerous
applications, in particular in the automotive, medical, furni-
ture, aerospace and moulding sectors.

In this latter case, the gas springs for moulds are normally
charged with nitrogen N, at pressures of over 100 bars and
constituted by a cylinder adapted to contain said gas therein
and inside which the rod can slide: to allow the gas to be
stored and compressed inside the cylinder one or more seal
elements or gaskets are normally interposed between said
cylinder and the rod, and these seal elements generally com-
prise at least one guide bushing and at least one rod seal.
Therefore, starting from an idle position of the gas spring, to
take the rod to the end of its travel it is necessary to apply a
force thereon, this force naturally being greater than the initial
force of the gas spring: the return movement of the rod, when
the action ofthe applied force ceases, is instead automatic and
caused by the pressure exerted by the gas on the rod inside the
cylinder.

In prior art gas springs the guide bushings are produced
with nylon, Teflon or other polymers, while the rod seals are
produced with TPU (thermoplastic polyurethane), PU (poly-
urethane) or other polymers.

Typically, prior art gas springs have a useful life, intended
as number of cycles that the rod can perform, beyond which
gas starts to leak causing progressive loss of performance of
the springs until reaching complete exhaustion. Normally,
gas leakage occurs when the rod seal no longer adequately
seals the surface of the rod due to wear caused by sliding on
the surface of the rod and by the extrusion present between the
surface of the rod and the surface of the guide bushing or of
the cylinder.

In order to improve the resistance to wear and extrusion,
prior art suggests the use of different fillers to mix with TPU,
nylon or Teflon to produce rod seals and guide bushings.
These fillers are usually constituted by lubricants, usually
composed of PTFE (polytetrafluoroethylene), graphite or
silicones, and/or reinforcing agents, usually composed of
organic and inorganic fibres.

Prior art also suggests filling TPU with barite (BaSO,) for
specific and limited applications such as those below:

in the medical field BaSO,, fillers are used to allow a com-

ponent produced with TPU (such as a catheter), which

would otherwise be invisible, to be viewed using X-rays;
given the high specific weight of BaSO,, it is added to the

TPU to increase its weight for commercial purposes;

BaSO, is used in the mechanical industry for grinding

wheels as at low temperatures it promotes the formation
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of Fe;O, on the surface of ground work pieces according
to the reaction BaSO,+3Fe—Fe,O,+BaS, the Fe,O,
having a lubricating action.

SUMMARY

Object of the present invention is solving the aforesaid
problems of prior art by providing a gas spring, in particular
for moulds, equipped with improved seal elements, said ele-
ments comprising at least a guide bushing adapted to increase
the useful life of the spring with respect to prior art gas
springs.

Another object of the present invention is providing a gas
spring, in particular for moulds, equipped with improved seal
elements, said elements comprising at least one rod seal
adapted to increase the useful life of the spring with respect to
prior art gas springs.

Moreover, an object of the present invention is to provide a
gas spring, in particular for moulds, equipped with improved
seal elements, said elements comprising at least a guide bush-
ing and/or a rod seal and being adapted to increase the useful
life of the spring, in particular in the case of correct use, with
rod travel perpendicular to the base of the cylinder, without
lubrication and with double cycles per minute.

Another object of the present invention is to provide a gas
spring, in particular for moulds, equipped with improved seal
elements, said elements comprising at least a guide bushing
and/or a rod seal and being adapted to increase the useful life
of'said spring, in particular in the case of incorrect use, with
rod travel not perpendicular to the base, without lubrication
and with standard cycles per minute.

The aforesaid and other objects and advantages of the
invention, which will be apparent in the description below, are
achieved with a gas spring, in particular for moulds, equipped
with improved seal elements such as the one described in
claim 1. Preferred embodiments and non-trivial variants of
the present invention form the subject matter of the dependent
claims.

It will be immediately apparent that numerous variants and
modifications can be made to the description (i.e. relevant to
shape, dimension, arrangement and parts with equivalent
functions) without departing from the scope of protection of
the invention as it appears in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better described by some
preferred embodiments, provided by way of non-limiting
example, with reference to the accompanying drawings,
wherein:

FIG. 1 shows a perspective and partially sectional view of
a preferred embodiment of the gas spring according to the
present invention;

FIG. 2 shows a perspective and partially sectional view of
another preferred embodiment of the gas spring according to
the present invention;

FIG. 3 shows a perspective and partially sectioned view of
another preferred embodiment Of the gas spring 25 according
to the present invention; and

FIG. 4 shows a perspective and partially sectioned view of
another preferred embodiment Of the gas spring according to
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference to the figures, it can be seen that the gas
spring 1, in particular for moulds, according to the present
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invention is composed of at least a rod 3 with relative perfo-
rated flange 4 sliding inside at least a cylinder 5 containing
said gas, improved seal elements being interposed between
said rod 3 and said cylinder 5, said elements comprising at
least a guide bushing 7 and/or at least a dynamic seal 9.

Moreover, the gas spring 1 optionally comprises other
components whose arrangement is known in the art, such as a
rod scraper element 11, an O-ring 13, an anti-extrusion ring
15 adapted to prevent extrusion of the O-ring 13 and at least
a valve 17 with relative threaded cap 19.

Optionally, the guide bushing 7 is interposed between a
guide bushing 2 for sliding of the rod 3 and the rod 3 itself.
Moreover, as shown in particular in FIG. 2, the dynamic seal
9 can be positioned on the flange 4 of the rod 3 so as to create
a seal on the inner surface of the cylinder 5.

Advantageously, the guide bushing 7 is produced with a
material constituted by a first mixture composed of a quantity
in weight of an organic thermoplastic polymer preferably
between 60% and 99%, more preferably between 90% and
98% and even more preferably equal to 95% and a supple-
mentary quantity to 100% of a solid lubricant filler.

Preferably, the organic thermoplastic polymer of the first
mixture is a PEEK (polyether ether ketone). Alternatively, the
organic thermoplastic polymer of the first mixture can also be
a PEKK (polyether ketone ketone), a PEK (polyether ketone),
a PEI (polyether imide), a PPS (polyphenylene sulphide), a
PES (polyether sulfone), a PEKEKK (polyether ketone ether
ketone ketone), a PEEKK (polyether ether ketone ketone), a
PEEKEK (polyether ether ketone ether ketone) or a PEEEK
(polyether ether ether ketone), appropriately mixed.

Preferably, the solid lubricant filler of the first mixture is a
dichalcogenide, even more preferably selected from MoS,,
WS,, WSe,, MoSe,, NbS, or NbSe, in powder with grain
dimension in the order of ym and nanometres.

Advantageously, the dynamic seal 9 is instead produced
with a material constituted by a second mixture composed of
a quantity in weight of a thermoplastic elastomer preferably
between 50% and 70%, more preferably equal to 60% and a
quantity in weight of mineral filler preferably between 1%
and 30%, more preferably between 2% and 20% or of an
organic thermoplastic polymer preferably between 3% and
40%, more preferably between 5% and 20%.

Preferably, the mineral filler is a barite, more preferably
barite BaSO,, and the quantity in weight of said barite BaSO,
is equal to 8% while, alternatively, the quantity in weight of
the organic thermoplastic polymer is equal to 9%.

Preferably, the thermoplastic elastomer is a TPU (thermo-
plastic polyurethane) or a TPE (thermoplastic polyethylene)
and the organic thermoplastic polymer of the second mixture
is a PEEK, PEKK, PEKEKK, PEK, PEEKK, PEEKEK or
PEEEK.

Optionally, the second mixture can also comprise a quan-
tity in weight of a solid lubricant filler preferably between
0.2% and 30%, more preferably between 0.4% and 10% and
even more preferably equal to 4%. Preferably, the solid lubri-
cant filler of the second mixture is a dichalcogenide, more
preferably selected from MoS,, WS,, WSe,, MoSe,, NbS, or
NbSe, in powder with grain size in the order of nmm and
nanometres.

Through experiments to test the useful life, to which the gas
spring according to the present invention as described above
was subjected, the Applicant has verified the extraordinary
and unexpected properties of resistance to wear of the guide
bushing 7 and ofthe dynamic seal 9 produced according to the
compositions described above.
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In particular, these tests showed that:

in the case of correct use, with rod 3 travel perpendicular to
the base of the cylinder 5, without lubrication but with
double cycles per minute, the useful life increased by
over 15% with respect to the useful life with standard
cycles per minute;

in the case of incorrect use, with rod 3 travel not perpen-

dicular to the base (inclination of 1°) of the cylinder 5 but
without lubrication and with standard cycles per minute,
the useful life increased by 30% with respect to the case
of correct use, i.e. with rod 3 travel perpendicular to the
base of the cylinder 5, with standard cycles per minute,
without lubrication.

The results of the aforesaid tests are set down in the com-
parative table below, from which it is possible to deduce the
significant increases in the useful life ofa gas spring 1 accord-
ing to the present invention equipped with guide bushings 7
and/or rod seals 9 as previously described with respect to a gas
spring belonging to the prior art:

Gas spring: useful life velocity  inclination
Prior art 100 100 0°
Equipped with guide bushing 7 ~100 200 0°
Equipped with dynamic seal 9 ~120 100 0°
Equipped with guide bushing 7 ~115 200 0°
and dynamic seal 9

Equipped with guide bushing 7 ~130 100 1°

and dynamic seal 9

The aforesaid tests were conducted on a gas spring 1
equipped with a guide bushing 7 produced with a first mixture
composed 0f 79% PEEK and 21% WS, and/or a dynamic seal
9 produced with a second mixture composed in weight of
61% TPU, 22% BaSO, and 17% WS,,.

Some preferred embodiments of the invention have been
described, but these are naturally susceptible to further modi-
fications and variants within the scope of the same inventive
concept. In particular, numerous variants and modifications,
functionally equivalent to those above and falling within the
scope of protection of the invention as set forth in the
appended claims, will be immediately apparent to those
skilled in the art.

The invention claimed is:
1. A gas spring for moulds, comprising:
at least one rod sliding inside at least one cylinder contain-
ing gas;
at least one guide bushing; and
at least one dynamic seal being interposed between the rod
and the cylinder,
wherein the guide bushing comprises a first mixture com-
prising a first thermoplastic polymer and a solid lubri-
cant filler, and
wherein the dynamic seal comprises a second mixture
comprising (i) a second thermoplastic polymer having a
quantity in weight of about 61%, (ii) a mineral filler
having a quantity in weight of about 22%, and (iii) a
powder of solid lubricant filler having a quantity in
weight of about 17%.
2. The gas spring of claim 1, wherein the mineral filler of
the second mixture comprises a barite.
3. The gas spring of claim 2, wherein the mineral filler of
the second mixture comprises BaSO,.
4. The gas spring of claim 1, wherein the second thermo-
plastic polymer of the second mixture comprises a TPU or a
TPE.
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5. The gas spring of claim 1, wherein the powder of solid
lubricant filler of the second mixture comprises a PEEK, a
PEKK, a PEKEKK, a PEK, a PEEKK, a PEEKEK, or a
PEEEK.

6. The gas spring of claim 1, wherein the second thermo-
plastic polymer of the second mixture comprises a pol-
yaryletherketone.

7. The gas spring of claim 1, wherein the second mixture
comprises a solid lubricant filler comprising a dichalco-
genide.

8. The gas spring of claim 1, wherein the solid lubricant
filler comprises MoS, WS,, WSe,, MoSe, NbS,, or NbSe, in
powder.

9. The gas spring of claim 1, wherein the second thermo-
plastic polymer comprises TPU, the mineral filler comprises
BaSO,, and the powder of solid lubricant filler comprises
WS,.

10. The gas spring of claim 1, wherein the first thermoplas-
tic polymer of the first mixture has a quantity in weight of
between about 60% and 99%, and the solid lubricant filler has
a quantity in weight of between about 1% and 40%.

11. The gas spring of claim 10, wherein the first thermo-
plastic polymer of the first mixture has a quantity in weight of
about 79%, and the solid lubricant filler has a quantity in
weight of about 21%.

12. The gas spring of claim 10, wherein the first thermo-
plastic polymer of the first mixture comprises PEEK, and the
solid lubricant filler comprises WS,.

13. A gas spring for moulds, comprising:

at least one rod sliding inside at least one cylinder contain-

ing gas;

at least one guide bushing; and

at least one dynamic seal being interposed between the rod

and the cylinder,
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wherein the guide bushing comprises a first mixture com-
prising a first thermoplastic polymer having a quantity in
weight of about 79% and a solid lubricant filler having a
quantity in weight of about 21%, and

wherein the dynamic seal comprises a second mixture

comprising (i) a second thermoplastic polymer having a
quantity in weight of between about 50% and 70%, (ii) a
mineral filler having a quantity in weight of between
about 1% and 30%, and (iii) a powder of solid lubricant
filler having a quantity in weight of between about 3%
and 40%.

14. The gas spring of claim 13, wherein the second ther-
moplastic polymer of the second mixture comprises a TPU or
aTPE.

15. The gas spring of claim 13, wherein the second ther-
moplastic polymer of the second mixture comprises a pol-
yaryletherketone.

16. The gas spring of claim 13, wherein the quantity in
weight of the mineral filler is between about 2% and 20%.

17. The gas spring of claim 16, wherein the quantity in
weight of the mineral filler is about 9%.

18. The gas spring of claim 13, wherein the mineral filler of
the second mixture comprises BaSO,.

19. The gas spring of claim 13, wherein the quantity in
weight of the powder of solid lubricant filler is between about
0.4% and 10%.

20. The gas spring of claim 19, wherein the quantity in
weight of the powder of solid lubricant filler is about 4%.

21. The gas spring of claim 13, wherein the powder of solid
lubricant filler of the second mixture comprises a PEEK, a
PEKK, a PEKEKK, a PEK, a PEEKK, a PEEKEK, or a
PEEEK.



